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Abstract 

Childhood socioeconomic status (SES), as measured by parental education and family income, is highly predictive of academic achievement, 
but little is known about how specific cognitive systems shape SES disparities in achievement outcomes. This study investigated the extent 
to which executive function (EF) mediated associations between parental education and family income and changes in reading and math 
achievement in a sample of 336 children between the ages of 6 and 15 years from the NIH MRI Study of Normal Brain Development. Verbal 
memory was simultaneously modeled as a comparison candidate mediator. SES predicted significant changes in reading and math 
achievement over a two-year time period. Furthermore, executive function, but not verbal memory, was found to partially mediate 
the relationship between SES variables and change in math achievement. Collectively, these results suggest that executive function may 
be an important link between childhood SES and academic achievement 
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Childhood socioeconomic status (SES) is a powerful predictor of 
academic achievement throughout childhood and adolescence 
(e.g., Bradley & Corwyn, 2002; Reardon, 2011). Research aimed 
at understanding the SES achievement gap in terms of child cogni¬ 
tive abilities has focused on executive function (EF), which both 
predicts academic achievement (e.g., Best, Miller, & Naglieri, 
2011) and correlates with SES (see Lawson, Hook, Hackman, & 
Farah, in press, for a review). EF has been shown to partially med¬ 
iate the SES-achievement relation in very young students. The cur¬ 
rent study examines the role of EF in socioeconomic disparities in 
reading and math achievement among 6-15-year-old children. 

While much attention is paid to the detrimental effects of pov¬ 
erty on school achievement, evidence suggests that school achieve¬ 
ment varies across the entire socioeconomic spectrum. Indeed, the 
achievement gap between children whose families have incomes in 
the 90th percentile and those with incomes in the 50th percentile 
(the 90/50 income gap) has widened over the past 60 years, such 
that it is now larger than the gap between the 50th percentile and 
the 10th percentile (the 50/10 gap; Reardon, 2011). 

Many explanations have been proposed for these SES disparities 
in academic performance, including parents’ investment in chil¬ 
dren’s cognitive development (e.g., Bradley & Corwyn, 2002), and 
children’s chronic stress exposure (e.g., G. W. Evans, 2004). 
Indeed, a number of factors vary along SES gradients and are likely 
to influence child development, including parenting practices, 
school quality, neighborhood characteristics, and exposure to stres¬ 
sors. As such, childhood SES can be conceptualized as a proxy for 
many experiences that tend to differ along SES lines. 

Executive function would be expected to support school 
achievement insofar as it encompasses cognitive processes that 
enable top-down control of attention and behavior. These processes 
have been classified in different ways in the literature (see Jurado & 
Roselli, 2007). For the present purposes, we will focus on ‘cool’ (as 


opposed to ‘hot’) EF. that is EF in emotionally neutral contexts 
(Zelazo & Carlson, 2002), and further subdivide EF into working 
memory, attention shifting, and response inhibition (Miyake 
et al., 2000). Such processes would impact student engagement 
with learning in the face of distraction (e.g., Blair, 2002; Gathercole 
et al., 2008) and are taxed by some academic tasks, particularly 
math, which involve holding information in working memory, 
shifting attention, and inhibiting prepotent responses (Blair & 
Razza, 2007; Swanson & Beebe-Frankenberger, 2004). 

The prolonged development of EF (Best & Miller, 2010) may 
make it particularly susceptible to differences in experience associ¬ 
ated with childhood SES (Hackman, Farah, & Meaney, 2010). 
Indeed, SES differences have been identified in individual EF 
task measures (Ardila, Rosselli, Matute, & Guajardo, 2005; 
Mezzacappa, 2004; Sarsour et al., 2011), as well as latent executive 
function constructs (e.g., Blair et al., 2011; Rhoades, Greenberg, 
Lanza, & Blair, 2011; Wiebe et al., 2011), and EF is among the 
most pronounced cognitive correlates of SES (Farah et al., 2006; 
Noble, McCandliss, & Farah, 2007; Noble, Norman, & Farah, 
2005). EF does not solely differ between poor and non-poor; SES 
gradients in EF performance have been observed across a wide 
range of SES (e.g., Noble et al., 2007; Sarsour et al., 2011). 

Much of the evidence concerning EF and school achievement 
comes from studies of early childhood school readiness (e.g., 
Alloway et al., 2005; Blair & Razza, 2007; Bull, Espy & Wiebe, 
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2008). However, emerging evidence suggests that EF may be 
important for school performance throughout childhood and adoles¬ 
cence (Best, Miller, & Naglieri, 2011; St Clair-Thompson & 
Gatherole, 2006). Measures of executive function performance dur¬ 
ing childhood and adolescence correlate strongly with concurrent 
measures of reading and math performance, as measured on stan¬ 
dardized achievement tests (Best et al., 2011; St Clair-Thompson 
& Gatherole, 2006). Furthermore, longitudinal studies have found 
that executive function prospectively predicts academic achieve¬ 
ment (e.g., Mazzocco & Kover, 2007), even after controlling 
for prior measures of academic achievement (Welsh, Nix, Blair, 
Bierman, & Nelson, 2010). 

Because EF is associated both with socioeconomic status and 
academic achievement, it is a likely candidate system to mediate 
the relationship between SES and academic achievement. For 
example, if more advantaged children are better able to shift their 
attention and inhibit automatic responses, they may be better able 
to learn new academic skills than their less advantaged counter¬ 
parts. However, without measuring SES, EF and academic achieve¬ 
ment in the same children, one cannot conclude that EF mediates 
the relationship between SES and achievement. Several recent stud¬ 
ies have done so, mostly in very young children. 

In the NICHD Study of Early Childcare, children’s sustained 
attention and impulsivity were found to partially mediate the asso¬ 
ciation between home environment quality and achievement at 
54 months (Early Child Care Research Network, 2003). Addition¬ 
ally, in a sample of 54-66-month-old children, latent EF derived 
from measures of inhibitory control, attentional control, and work¬ 
ing memory partially mediated the association between SES and 
math skill (Dilworth-Bart, 2012). Another study using a sample 
of preschool children enrolled in either needs-based or private pre¬ 
schools found that EF partially mediated the relationship between 
SES group and achievement (Fitzpatrick, McKinnon, Blair, & 
Willoughby, 2014). A fourth study found that executive function 
in kindergarten mediated the relationship between SES, across the 
first three years of life, and math and literacy achievement in first 
grade (Nesbitt, Baker-Ward, & Willoughby, 2013). Finally, in a 
study of school-aged children from the NICHD Study of Early 
Childcare, EF as measured by performance on the Tower of Hanoi 
task in third grade, partially mediated the relationship between 
early income-to-needs and academic achievement in fifth grade, 
more strongly for math than for reading (Crook & Evans, 2014). 
These studies provide initial evidence that executive function may 
mediate the relationship between SES and academic achievement, 
but at least three important questions remain. 

First, does EF mediate SES disparities in achievement among 
older school-aged children and secondary school students? Most 
evidence so far is restricted to very young children. The study of 
EF and its relation to school achievement is of importance across 
childhood and adolescence (Best & Miller, 2010). Furthermore, one 
cannot assume equivalent relations among EF, achievement and 
SES at all ages. A recent study suggests that, while EF and school 
achievement are correlated for a sample of children between the 
ages of 5 and 17 years, the magnitude of the relationship varies 
across age, with a particularly strong relationship between EF and 
achievement at age 6 and at age 8-9 years (Best et al., 2011). Given 
that the oldest age at which SES-EF-achievement relations have 
been examined is fifth grade, and this was one study using one 
EF task, it is important to examine the role of EF as a mediator 
between SES and achievement in primary and secondary school- 
aged children. 


Second, are mediation effects inflated by unmeasured ‘third 
variables,’ specifically academic achievement concurrent with the 
assessment of EF? Several of the extant studies examining EF as 
a mediator of socioeconomic disparities used a cross-sectional 
design, measuring EF simultaneously with academic achievement, 
which cannot be used to determine causal relationships. Further¬ 
more, even when prospective longitudinal designs are employed, 
Time 1 EF may predict Time 2 academic achievement exclusively 
because both variables are correlated with Time 1 academic 
achievement, thus inflating the estimate of the effect of EF per 
se. Extant studies have not controlled for prior levels of academic 
achievement, which does not allow them to rule out this ‘third vari¬ 
able’ (see Cole & Maxwell, 2003). It is therefore critical to examine 
the extent to which findings of EF as a mediator hold when exam¬ 
ining change in academic achievement. 

Third, does EF mediation of SES disparities in achievement per¬ 
tain to the relatively categorical difference between poor and non¬ 
poor children, or does it operate at all levels of SES, differentiating, 
for example, the achievement of low-middle from high-middle SES 
children? Most prior studies included children from very low SES 
backgrounds, contrasting them with their higher SES counterparts. 
It is therefore unknown whether EF mediates SES achievement dis¬ 
parities in general, or more specifically the achievement gap 
between poor and non-poor. 

The current study employs data from the National Institute of 
Health (NIH) Magnetic Resonance Imaging (MRI) Study of Nor¬ 
mal Brain Development, which includes demographic, cognitive, 
and achievement measures for a sample of healthy children. The 
sample for the current study reflects a predominantly middle-SES 
sample. Additionally, the current sample was subject to rigorous 
screening criteria (Waber et al., 2007) resulting in an unusually 
healthy and high-performing sample. This makes the current sam¬ 
ple suitable for examining the role of EF in shaping SES gradients 
in academic achievement in healthy children across the entire SES 
spectrum, rather than for children living at or near the poverty line 
or for children with physical or mental health problems. 

We use structural equation modeling (SEM) of longitudinal 
behavioral data to test the hypothesis that task measures of execu¬ 
tive function mediate the association between SES and change in 
academic achievement over a 2-year time period. The use of SEM 
allowed a latent measure of executive function derived from four 
cognitive EF tasks to be used in our model. Latent measures capture 
shared variances between indicators of an underlying construct to 
reduce measurement error (Kline, 2011), and latent measures of 
EF seem to be a promising approach to investigate individual dif¬ 
ferences in executive function (e.g., Willoughby, Blair, Wirth, 
Greenberg, & The Family Life Project Investigators, 2010). There¬ 
fore, latent executive function was used as a mediator in models 
where SES variables predicted change in two areas of academic 
achievement: passage comprehension and calculation achievement. 

Finally, in order to establish a role for EF per se in mediating the 
SES-achievement relation, as opposed to cognitive functioning 
more generally, we included a second candidate mediator, chosen 
for its relation to SES and its a priori relevance to school achieve¬ 
ment: verbal memory. Verbal memory performance has been found 
to vary by SES (e.g., Farah et al., 2006; Noble et al., 2007), and it is 
plausible that the recall of verbally delivered information is fre¬ 
quently required in the course of learning many different school 
subjects. In order to investigate the extent to which EF is a specific 
cognitive mediator, verbal memoiy was included in the model as a 
comparison candidate mediator. 
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Method 

Study organization and design 

Data used for this study were obtained from the NIH Pediatric MRI 
Data Repository created by the NIH MRI Study of Normal Brain 
Development (A. C. Evans, 2006). As part of this study, structural 
MRI, behavioral and clinical measures were collected at three time 
points, approximately 2 years apart, for 431 healthy children and 
adolescents between the ages of 4.5 and 18.25 years. Children were 
excluded from participation in the study based on rigorous demo¬ 
graphic, prenatal history, physical, behavioral, family history, and 
neurological criteria (see A. C. Evans, 2006, for a full description 
of inclusionary and exclusionary criteria). Data collection occurred 
at six pediatric study centers in major urban areas (A. C. Evans, 
2006). 

Participants 

Analyses used 336 children within the age range (6 to 15 years) eli¬ 
gible for all executive function and verbal memory measures at the 
first wave of data collection. The mean age of this sample at the first 
time point was 10.13 years (SD = 2.94 years), and 175 children 
(52.1%) were females. Of the mothers, 27 (8.0%) were African- 
American/Black, 273 (81.3%) were White, five (1.5%) were Asian, 
seven (2.08%) were bi- or multi-racial, and 24 (7.1%) did not pro¬ 
vide information about their race. 

WJ-III Calculation and Passage Comprehension measures were 
administered at the first and second time points of data collection. 
The mean length of time between these two time points of data col¬ 
lection was 1.98 years (SD = .46 years). The length of time between 
assessments did not significantly correlate with age (r= .08,/> = .19). 
Because there was some variability in the length of time between 
time points, measures collected at Time 2 were controlled for the 
interval (in days) between time points. 

Measures 

SES. Two components of socioeconomic status were measured: 
family income and parental education. The family income and par¬ 
ental education variables were standardized and averaged to create 
an SES composite measure. 

Family income. A self-report measure of family income was 
obtained in 10 possible categories: 0-$5,000, $5,001-$10,000, 
$10,001-$15,000, $15,001-$25,000, $25,001-$35,000, $35,001- 
$50,000, $50,001-575,000, $75,001-5100,000, $100,001-$150,000, 
and >$ 150,001. Family income was estimated as the midpoint of the 
reported income range and was adjusted for household size based on 
adjustments used by the US Department of Housing and Urban 
Development to define the highest income level at which a family 
qualifies for public assistance (see A. C. Evans, 2006). The mean 
adjusted family income of the sample was $75,809 (SD $33,676). 
Adjusted family income was converted to z scores for use in analysis. 

Parental education. Each parent’s education level was assigned a 
value from 1 to 6 (Less than High School = 1, High School = 2, 
Some College = 3, College = 4, Some Graduate Level = 5, Grad¬ 
uate Level = 6). Maternal education level and paternal education 
level were summed for each child in order to create a parental 
education index with possible values from 2 to 12, which was 


converted to z scores for use in analysis. Of the mothers, 3 (.9%) 
had completed less than high school, 46 (13.7%) had completed 
high school, 102 (30.4%) had completed some college, 19 (5.6%) 
had completed some graduate school, and 58 (17.3%) had com¬ 
pleted a graduate degree. Of the fathers, 8 (2.4%) had completed 
less than high school, 66 (19.6%) had completed high school, 
90 (26.8%) had completed some college, 13 (3.9%) had completed 
some graduate school, and 59 (17.6%) had completed a graduate 
degree. 

Executive function. EF is measured primarily using behavioral tasks 
and, less frequently, self- and informant-report questionnaires 
(Hughes, 2011). Here, we use four behavioral tasks to construct the 
latent executive function variable. Three tasks—spatial memory 
span, spatial working memory, and intradimensional/extradimen- 
sional (ID/ED) set shift—were from the Cambridge Neuropsycho¬ 
logical Test Battery (CANTAB), a computerized, non-verbal 
neuropsychological test battery during which children perform 
tasks using a computer touch-screen. The Wechsler Intelligence 
Scale for Children-III (WISC-III) digit span was also used as an 
executive function task measure. 

CANTAB spatial memory span. This test is modeled on the Corsi 
Block taping test (Milner, 1971), designed to test visual memory 
span. To perform this task, the child views an array of 10 white 
boxes on the computer screen. The boxes change color one at a time 
in a sequence, and the child is instructed to repeat the sequence by 
tapping the boxes in the same order they changed color. The spatial 
span is the length of the longest sequence the child correctly recalls. 

CANTAB spatial working memory. This is a computerized, self- 
ordered pointing task in which children must use information 
in working memory to work toward a goal (Petrides & Milner, 
1982). In the task, children view an array of colored boxes and point 
to the boxes one at a time to search for blue tokens that are hidden 
under some of the boxes, without returning to a box that had been 
previously searched. Between-trial return errors for children who 
completed the task were used as the observed EF measure in the 
present study. 

CANTAB Intradimensional/Extradimensional shift. This task, an 
analogue of the Wisconsin Card Sort Task, measures set shifting 
and reversal learning based on feedback. During the task, the child 
advances through nine stages, each of which requires him to use 
feedback from the computer in order to respond correctly to lines 
or shapes. In order to successfully complete the task, the child must 
shift his responses after feedback patterns from the computer 
change. He also must use feedback from previous stages to shift his 
response to new examples of lines or shapes. The child advances 
from one stage to the next after six consecutive correct responses. 
The task is terminated when the child completes all stages, or if 
50 trials pass in which he has not made six consecutive correct 
responses (Luciana & Nelson, 1998). The total number of errors 
throughout all stages attempted was used as the observed EF 
measure. 

Wechsler Intelligence Scale for Children-III (WISC-III) Digit Span 
(Wechsler, 1991). The WISC-III was administered to children 
between the ages of 6:0 and 16:11 years (A. C. Evans, 2006). This 
is a digit span task, in which participants repeat random digit strings 
of increasing length. The measure yields a raw digit span score, as 
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Table I. Descriptive statistics for Executive Function and Verbal Memory measures for the entire sample. 


Range 


Task and dependent measure 

N 

M 

SD 

Potential 

Actual 

Skewness 

Kurtosis 

Cambridge Neuropsychological Test Battery Spatial Working Memory errors 

291 

39.05 

20.98 

0- 

1-97 

0.02 

-0.99 

Cambridge Neuropsychological Test Battery Set Shift errors 

331 

24.45 

14.78 

0- 

0-73 

0.37 

-0.52 

Cambridge Neuropsychological Test Battery Spatial Span 

331 

5.53 

1.63 

0-9 

0-9 

0.25 

-0.24 

Wechsler Intelligence Scale for Children-lll Digit Span 

333 

13.35 

3.61 

0-30 

3-26 

0.48 

-0.03 

California Verbal Learning Task long-delay cued recall 

328 

10.74 

2.97 

0-15 

0-15 

-0.84 

0.74 

California Verbal Learning Task long-delay free recall 

328 

10.17 

3.13 

0-15 

0-15 

-0.84 

0.57 

California Verbal Learning Task short-delay cued recall 

328 

10.54 

2.84 

0-15 

0-15 

-0.77 

0.67 

California Verbal Learning Task short-delay free recall 

328 

9.88 

3.14 

0-15 

0-15 

-0.64 

-0.003 


well as forward and backward subscores. The raw digit span score 
was used as the observed EF measure. 

Verbal memory. Four observed memory measures from the 
California Verbal Test of Learning for Children (CVLT-C; 
Delis, Kramer, Kaplan, & Ober, 1994) were used to derive the 
latent verbal memory measure. In this task, children are asked 
to learn a list of 15 concrete nouns (List A) that is presented 
orally five times with immediate recall after each learning trial. 
After the presentation of an interference list (List B), children 
are asked to recall List A (short-delay free-recall) and are then 
given semantic cues to recall List A a second time (short-delay 
cued-recall). After a 20-minute delay, children are again asked 
to recall List A (long-delay free-recall), and are given semantic 
cues to recall List A (short-delay cued-recall). Short-delay free 
recall, short-delay cued-recall, long-delay free-recall and long- 
delay cued-recall were used as observed memory measures. All 
memory measures were used from the first timepoint of data 
collection. 

Academic achievement. Two subtests of the Woodcock-Johnson III 
(WJ-III) academic achievement test (Woodcock, McGrew, & 
Mather, 2001) were used as observed measures of academic 
achievement. Standard scores for the WJ-III Passage Comprehen¬ 
sion test were used as an observed reading measure. In this test, the 
child reads a brief passage and then performs a fill-in-the-blank 
comprehension task. Standard scores for the WJ-III Calculation test 
were used as an observed calculation measure. In this test, the child 
is asked to solve a series of calculation problems of increasing dif¬ 
ficulty. Academic achievement measures were used from both the 
first and second time points of data collection, which occurred 
approximately 2 years apart. 

Statistical approach 

Structural equation modeling was used for these analyses because 
it allowed the construction of a latent executive function measure 
and the prediction of multiple outcomes and mediators simultane¬ 
ously. SEM analyses used full information maximum likelihood 
(FIML) estimation, which allows the retention of subjects with 
missing data and has been found in simulation studies to outper¬ 
form classical methods for missing data, such as available case 
methods and imputation (Enders & Bandalos, 2001; Peters & 
Enders; 2002). Of the 336 children in the current sample, 107 chil¬ 
dren (31.85%) were missing data for one or more measures. All 
regression analyses were implemented in Statistical Package for 


the Social Sciences (SPSS) and all SEM analyses were implemen¬ 
ted in Mplus Version 7. 

Results 

Descriptive statistics 

The distributional properties of all observed EF and verbal memory 
measures are displayed in Table 1. There was no evidence that any 
task measures violated normality assumptions. Additionally, no 
task measures had a mean within one standard deviation of the max¬ 
imum or minimum score for any tasks, a criterion that has been used 
to identify ceiling or floor effects (Noble et al., 2007). 

Adjusting for age 

Passage comprehension and calculation achievement standard 
scores were based on age norms, but the database included only raw 
scores for executive function and verbal memory measures, which 
were not based on age norms. In order to obtain age-adjusted exec¬ 
utive function and verbal memory scores, raw scores on these mea¬ 
sures were controlled for age before entering the model. A prior 
study using this data set has reported non-linear relationships 
between age and the cognitive task measures examined (Waber 
et al., 2007). Therefore, hierarchical regression was used to predict 
EF task scores from a linear age term (entered in the first step), an 
age 2 term (entered in the second step), and an age 3 term (entered in 
the third step). Age 2 and age 3 terms were retained when they signif¬ 
icantly improved model fit. Observed EF and verbal memory mea¬ 
sures were residualized on the best-fitting age terms. Following 
Wiebe, Espy, and Charak (2008), performance scores were con¬ 
verted to z scores to minimize the impact of different variable scal¬ 
ing on measurement invariance. 

Adjusting for prior academic achievement 

In order to investigate change in academic achievement across the 
2-year period between time points, academic achievement scores at 
Time 2 were controlled for scores at Time 1 and the interval between 
time-points. That is, WJ-III Calculation scores at Time 2 were 
regressed on WJ-III Calculation scores at Time 1 and the interval 
(in days) between Time 1 and Time 2, and the standardized residuals 
were used as the change in calculation variable. Similarly, Time 2 
WJ-III Passage Comprehension scores were adjusted for Time 1 
WJ-III Passage Comprehension scores and the interval between time 
points to calculate the change in passage comprehension variable. 
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Figure I . Theoretical model for the Full Model. Dotted lines are used to indicate paths predicted to be weak or nonexistent. Sex (not shown) is used as a 
control variable. 


Analysis strategy 

In the hypothesized model, SES predicted the change in calculation 
and change in passage comprehension variables directly and 
through indirect paths mediated by Time 1 executive function and 
verbal memory constructs. Sex was used as a control variable in this 
model, with paths specified from sex to all exogenous and endogen¬ 
ous latent variables. This model allowed us to examine the extent to 
which SES predicts change in academic achievement, and the 
extent to which this relationship is mediated by executive function. 
Furthermore, the inclusion of verbal memory as an alternative can¬ 
didate mediator allowed us to contrast mediating paths through 
executive function with mediating paths through verbal memory. 
We predicted that paths through executive function would be sig¬ 
nificant, but paths through verbal memory would be weak or non¬ 
existent. The theoretical model is shown in Figure 1 with dotted 
lines used to indicate paths predicted to be weak or nonexistent. 

Confirmatory factor analysis (CFA) was first used to examine 
model fit for the EF and verbal memory measurement models. The 
hypothesized structural model was then specified, and path coeffi¬ 
cients and significance values were obtained. Bootstrapping with 
1000 samples was used to generate 90% and 95% bias-corrected 
confidence interval of specific indirect effects of SES on change 
in achievement mediated by EF and verbal memory. Bias- 
corrected bootstrap confidence intervals have been found in simu¬ 
lation studies to provide the most accurate test of mediation in 
structural equation modeling (Cheung & Lau, 2008). Confidence 
intervals for the contrast between specific indirect effects through 
executive function and specific indirect effects through verbal 
memory were also generated. 

Additionally, nested models were used to compare the roles of 
EF and verbal memory as mediators of all achievement outcomes 
simultaneously. In the full model, both verbal memory and 


executive function were allowed to mediate the relationship 
between SES and achievement scores. In the Executive Function 
Only model, mediating pathways to achievement change through 
verbal memory were constrained to zero. In the Verbal Memory 
Only model, mediating pathways through executive function were 
constrained to zero. The use of nested models allows model fit 
between the full and reduced models to be compared using chi- 
square difference tests. 

Correlation matrix 

The correlation matrix for all observed variables after controlling 
for age and sex is shown in Table 2. Family income and parental 
education were significantly correlated with each other (r = .57, 
p < .01). All correlations between SES measures and observed 
EF measures were in the expected direction, such that higher SES 
was associated with better performance on the task. Zero-order cor¬ 
relations between SES measures and EF task measures ranged in 
magnitude from r = . 10 to r = .17. Change in passage comprehen¬ 
sion and change in calculation scores were significantly correlated 
with each other (r = .16, p < .05). SES measures correlated signif¬ 
icantly with change in passage comprehension (family income: 
r = .21, p < .01; parental education: r = .21, p < .01) and change 
in calculation (family income: r = .22, p < .01; parental education: 
.15, p < .05) scores. 

Measurement models 

We first used principal axis factoring with promax rotation to 
explore the structure of the mediator variables. For this analysis, the 
spatial working memoiy and ID/ED set shift measures were reverse 
scored, so that higher scores indicated better performance on all 









Table 2. Correlation matrix presenting correlations and 95% confidence intervals for SES, Executive Function, Verbal Memory, and Achievement measures. 


o q 
— o so 


h*. — 

* ^ rN —. 

vO . ~ 
lo tj- O ro 

- q i — 


FT ^ vQ 1 

rs — o 

• .« Tj- ^ 

q lo 


oo ' ^ LO 
o q p ~ 


I 


I 


" os 1 FT oo 

tOrsOcoOcoO 
O ro t}- 04 

—; — o l/i o fs o 

7 1 7 


q n q ^ 




| _ i FT i _ 

ro t ”• m “ on ^ 'O 

m <n ^ i - q S q S q 

— , rsj . — „ o . o 

— — n t ,• ,• 04 ,* r-s 

‘ O i‘ ro I rN 

f r r 


rN 

rN 

r 


r co o * 

1 LO • in 


. rN i—i <N 
ro — t O CO 
o • rN • o 


o4 — O' o i—i 

- - g - - - £ w ft in g a; ° - 

- g P — j r^PpPoPo- 






• o 


t R 

O 

ro 

■ q 


{—1 00 

l o ? q 

S * 

_ a 1 i 


I 

o' LO 


LO 

q vo 1 5s 

I O' - VO ~ 
, ^ „ sO 

\0 O vo O 
04 ’ O 

f 


K? “ 4) ^ 

ro 

— ro 
• O 


1 sO 
vO O vo 
O ’ O 

f r 


- 04 
00 ro 
O — 


rs o • 04 

- & 04 04 r 

— q o — rN 


1 “ 


sO 00 


■55- O # ro .v. vO k_ o * C2 

-x- (»!Nl(N^°oO_ • lO 

04 ro lo ‘ n k ^ LO vo Ln 


i 


o 

o) rj s 
os 

O o4 O 
' O 


m ° O' oj * <s a 


I 


LO 


1 ro . ^ 

^ o N n lo r4 

o q o P ro — 


as 1 i—i 


• U." - os • CO 

3 S k 2 2 «< 

p p • o • o 


■i |: H v Ifl „ Ol „ N o 
| 00 I $ 04 i ro *_ 04 o rN 

. ^ .12 - ° . lo - crs ; 

ro — \o~ t|- — os — m O oJ 

04 | 04 ” O . p • O ' O 


15 


$> o 

ro 

— ro 
‘ P 


ro ro — 

® N o ^ O' o| o rl 

£ . ro r 04 r ° - 

q — — 04 — 04 — — 

0-0-0 


I 


I 


ro 

O 

! I 

• lo' 

04 


00 


O 

r ± 


00 * 04 * ro ro 

rN ¥ ro ro 04 

— KPos'rjo — 

• o rs| o q 


of 

p 


b 

a> 


b 

0) 


U 


r« 

CQ 

04 

£ 

fO 

CQ 

n3 

CQ 

LJ 

«-> 

co 

*-> 

CO 

CO 

04 

04 

i— 

a 

I- 

H 

CO 

H 

"rt 


o _ — 


g > = 

.ss u 


. a) CU C 

> c 


h- 


u P u 

‘oo E '<OJ0 
o V O 
0=^0 
-C k -C — 

>L E >L <u 

a.« a..i 

o Z o I- 

3 2P =3 in 
<u .E <u s_ 

z -g z S 

S)^ s.« 


W to L - 


>00^ 
> ^ v£ 


L. — 


u 


S u 


U U (J 


u cu 'txo 

2 5 5 


— -O 7^ 

C LJ C ^ 
C rt C <_) 
rt q. rt (ii 

0 i/i o ^ 


O M -J 5 

° £ u 

t = 8> = 

N — j- ““ 

co _ E — 

q_ C rl C 

O “ O J= O 

l o w (J 2 


<U £ 71 C ^ 




Os — — — — 


£ 04 

u_ £ 




(3 


b 04 

! | 
04 .E 

£ I- 
T5 ■? 
-Q E 

i_ r3 
04 _ 

> . 
S .1 

ro I— 
O c 

X ° 

O 04 
sO > 
04 $ 

c 04 

o f. 


2 5 


99 


10 > -50 > 




100 


International Journal of Behavioral Development 41(1) 



Figure 2. Path output with standardized estimates and 95% confidence intervals for the Full Model. Sex (not shown) is used as a control variable. 
N = 336; + p < .l;*p < .05; **p < .01; ***p < .001. 


measures. The first two factors had initial eigenvalues above 1. The 
first factor explained 40.77% of the variance, and the second factor 
explained 17.91% of the variance. Long delay cued recall, short 
delay cued recall, long delay free recall, and short delay free recall 
loaded on the first component (all loadings >.7) and did not load on 
the second component (all loadings < .1). Spatial working memory, 
spatial span, and digit span loaded on the second component (all 
loadings > .35) and did not load on the first component (all loadings 
< . 1). 1D/ED set shift had a loading of .21 on the second component 
and .09 on the first component. These results are consistent with our 
conceptual model of verbal memory and executive function as sep¬ 
arate factors. We retained ID/ED set shift as an EF measure because 
of its clear conceptual link to EF. 

Single-factor measurement models for the executive function 
and verbal memory constructs were specified, and confirmatory 
factor analysis (CFA) was used to evaluate model fit. The CFA 
model in which executive function and verbal memory were allowed 
to correlate showed acceptable fit to the data, X 2 (19) = 49.00, 
p < .001; comparative fit index (CFI) = .97; root-mean-square 
error of approximation (RMSEA) = .069, 90% Cl = (.045, 
.093), pclose = .09; standardized root-mean-square residual 
(SRMR) = .040. All factor loadings for verbal memory, and 
executive function were significant at p < .01. Standardized fac¬ 
tor loadings on EF were .38 (p < .001) for spatial span, —.24 
(p < .01) for ID/ED set shift, —.51 (p < .001) for spatial working 
memory, and .42 (p < .001) for WISC digit span. 

Structural model 

The full model showed evidence of a good fit to the data, x 2 (43) = 
65.50 ,p = .015; CFI = .98; RMSEA = .04, 90% Cl = (.018, .058), 
pclose = .81; SRMR = .03. Standardized coefficients for the full 
model are displayed in Figure 2. In the full model, the path from 


SES to EF was significant (P = .39 ,p < .001), and the path from 
SES to verbal memory was significant (P = .12,/) = .03). The path 
from executive function to change in calculation was significant 
(P = .24,/) = .046), but the path from executive function to change 
in passage comprehension was not significant (P = .11,/) = .38). 
Paths from verbal memory to change in calculation (P = .006, 
p = .93) and to change in passage comprehension (P = .04 p = 
.61) were not significant. Additionally, there were significant direct 
paths from SES to change in calculation (P = .15,/) = .048) and 
from SES to change in passage comprehension (P = .17,/) = .02). 

The path from sex to verbal memory was significant (P = .13, 
p = .02), indicating that verbal memory performance was signifi¬ 
cantly higher for females than for males. However, the paths from 
sex to EF, change in calculation, and change in passage comprehen¬ 
sion were not significant. 

Mediation analysis. In an SEM framework, a significant total effect 
and a significant indirect effect are needed to establish mediation 
(Preacher & Hayes, 2004). The total effects of SES on change in 
calculation (standardized total effect = .243; p < .001) and change 
in passage comprehension (standardized total effect = .217; 
/> < .001) were both significant. We used bootstrapping to calculate 
confidence intervals for specific indirect effects through executive 
function and verbal memory. Table 3 displays 90% and 95% bias- 
corrected confidence intervals for these specific indirect effects. 
The 95% confidence interval for the specific indirect effect from 
SES through EF to change in calculation did not pass through zero, 
indicating a significant specific indirect effect with a two-sided 
alpha of .05. The other three specific indirect effects were not sig¬ 
nificant. Additionally, we contrasted the pathways through EF and 
verbal memory to the achievement change variables, and the 90 and 
95% bias-corrected confidence intervals for these contrasts are dis¬ 
played in Table 3. For change in calculation, but not for change in 
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Table 3. Bias-corrected unstandardized 90% and 95% confidence intervals and for specific indirect effects of SES on 

achievement scores 

(N = 336). 

Mediated paths and contrasts 

Lower 2.5% 

Lower 5% 

Estimate 

Upper 5% 

Upper 2.5% 

Mediated paths 

1) SES - Executive Function - Calculation Change 

.01 1 

.020 

.107 

.269 

.329 

2) SES - Verbal Memory - Calculation Change 

-.020 

-.013 

.001 

.020 

.026 

3) SES - Executive Function - Passage Comprehension Change 

-.053 

-.031 

.046 

.207 

.270 

4) SES - Verbal Memory - Passage Comprehension Change 

-.015 

-.011 

.005 

.026 

.030 

Contrasts 

Contrast between 1 and 2 

.005 

.014 

.106 

.280 

.339 

Contrast between 3 and 4 

-.071 

-.048 

.041 

.197 

.265 


Table 4 . Fit indices for the Full Model and nested Executive Function Only and Verbal Memory Only models (N = 336). 


Model 

x 1 

df 

P 

Comparative Fit 
Index (CFI) 

Root-Mean-Square Error of 
Approximation (RMSEA) 

Standardized Root-Mean Square 
Residual (SRMR) 

Akaike Information 
Criterion (AIC) 

Full Model 

65.50 

43 

.02 

.98 

.04, 90% Cl (.02, .06), pclose = .81 

.03 

9210.91 

Executive 

Function 

Only 

70.20 

46 

.01 

.98 

.04, 90% Cl (02, .06), pclose = .82 

.04 

9209.61 

Verbal Memory 
Only 

89.36 

46 

< .001 

.96 

.05, 90% Cl (.04, .07), pclose = .36 

.05 

9228.77 


Note. In the Executive Function Only model, all indirect paths to Achievement Change through Verbal Memory were constrained to zero. In the Verbal Memory Only 
model, all indirect paths to Achievement Change through executive function were constrained to zero. 


passage comprehension, the contrast was significant, indicating that 
EF was a significantly stronger mediator of this relationship than 
was verbal memory. 

Model comparison. Model fit statistics for the Full Model, 
Executive Function Only model, and Verbal Memory Only 
model are displayed in Table 4. Deleting the paths passing 
through verbal memory (Executive Function Only) resulted in 
a non-significant change in model fit, A x 2 (3) = 4.70, p = .20. 
In contrast, deleting the paths through executive function (Ver¬ 
bal Memory Only) resulted in significantly worse model fit, 
A x 2 (3) = 23.86, p < .001. 

Discussion 

The socioeconomic gradient in academic achievement is a societal 
problem that has yet to be fully understood. One recent approach to 
the problem has been to identify cognitive mediators of the SES- 
achievement relation. Executive function, which is related to both 
SES and achievement, has been identified as a mediator in 
preschool, kindergarten and first grade using multiple or latent mea¬ 
sures of EF (Dilworth-Bart, 2012; Fitzpatrick, McKinnon, Blair, & 
Willoughby, 2014; Nesbitt, Baker-Ward, & Willoughby, 2013). We 
investigated neurocogntive mediation of the SES-achievement later 
in schooling, when children’s EF is more developed and the nature 
of academic achievement is also different. 

In a sample of 6- through 15-year-old children, SES predicted 
change in academic achievement over a 2-year time-period. We 
modeled SES variables prediction of change in reading and math 
achievement directly and through two candidate mediators, latent 
EF and verbal memory measures. Our results support executive 
function, but not verbal memory, as a partial mediator of the rela¬ 
tionship between SES and change in math achievement. The same 
was not true of reading achievement. 


The current study used prospective academic achievement mea¬ 
sures and controlled for baseline achievement, demonstrating that 
executive function performance predicts change in math achieve¬ 
ment over a 2-year time period. Because we examined change in 
achievement, rather than achievement itself, prior achievement was 
not serving as ‘third variable’ inflating estimates of the paths of 
interest. 

These results also provide initial evidence that executive func¬ 
tion is unique as a mediator, as no support was found for verbal 
memory as an alternative candidate mediator. Notably, a significant 
relationship between SES and verbal memory was observed, but 
verbal memory, unlike EF, did not predict change in reading or 
math achievement. Furthermore, while many studies of EF use 
tasks that rely heavily on language abilities (e.g., Hughes & Ensor, 
2007; Wiebe et al., 2011), the current study used primarily nonver¬ 
bal EF tasks, thus providing a measure of executive function that is 
less confounded with verbal ability. However, future studies should 
also investigate other candidate cognitive systems, including verbal 
ability, as mediators. Nevertheless, this study extends past work on 
executive function by comparing EF with verbal memory, another 
candidate mediator, and results are consistent with the claim that 
executive function is a particularly important factor explaining the 
relationship between SES and academic achievement. 

These results add to a large body of evidence demonstrating SES 
disparities in executive function performance. While much of the 
literature on SES and executive function development has focused 
primarily on the detrimental effects of poverty (e.g., Blair et al., 
2011; Rhoades et al., 2011), the current study observes SES differ¬ 
ences in a predominantly middle-class sample. Furthermore, 
observed SES differences in executive function performance are 
particularly striking in light of the rigorous screening criteria used 
to obtain this sample of children. During population-based sam¬ 
pling for the study, the early screening interview, which included 
questions about child and family history of medical and psychiatric 
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disorders, and child prenatal substance exposure, led to the exclu¬ 
sion of 37.9% of low-SES children, as compared to 21.8% of 
high-SES children. Additionally, 19.4% of low-SES children, as 
compared to 8.7% of high-SES children were excluded due a 
T score above 70 on any subscale of the Child Behavior Check List, 
indicating elevated behavior problems (Waber et al., 2007). The 
fact that SES disparities in executive function exist even in this 
healthy population, where they cannot be explained by elevated 
rates of physical or mental illness or prenatal substance exposure, 
suggests that these mechanisms do not fully explain SES differ¬ 
ences in executive function. 

Our finding that executive function statistically mediates SES 
disparities in school achievement suggests that interventions target¬ 
ing executive function could help close the SES-achievement gap. 
This is a promising hypothesis in our view, but one that should be 
tested further with the appropriate designs rather than assumed at 
present. Indeed, preschool interventions targeting executive func¬ 
tion as part of a larger set of targets have been associated with 
improved academic readiness among disadvantaged preschoolers 
(e.g., Head Start REDI; Bierman et al., 2008; Chicago School 
Readiness Project; Raver et al., 2011), although studies with the 
appropriate design to test a causal relationship between EF and 
achievement are still needed (see Jacob & Parkinson, in press, for 
a review). The current results suggest that similar approaches may 
also be promising for improving achievement among older youths. 
Furthermore, computerized training interventions have attracted 
recent attention as potential approach to improve EF, particularly 
among at-risk populations, although the evidence about the effec¬ 
tiveness of these interventions is mixed (Rabipour & Raz, 2012). 
Experimental studies that include measurements of academic 
achievement following EF training are needed to further evalute 
this approach, as well as to gather stronger evidence about the cau¬ 
sal role of EF. Finally, it is important to note that the current sample 
included children from a wide range of socioeconomic status, rather 
than from primarily disadvantaged backgrounds. The fact that EF 
emerged as a mediator in this sample suggests that targeting EF 
may be an effective approach to reducing SES disparities across the 
entire gradient of SES. 

There were several limitations to this study, and results must be 
interpreted accordingly. First, only four EF tasks were adminis¬ 
tered in this study, and factor loadings, while statistically signifi¬ 
cant, were low. Therefore, while using a latent measure of 
executive function offered the advantage of reducing measure¬ 
ment error, results should not be interpreted as support for a 
single-factor model of executive function in children. To address 
this limitation, future studies should collect a larger number of 
diverse executive function measures. In particular, it is often 
argued that EF is composed of three related but separable compo¬ 
nents: updating, shifting, and inhibition (Miyake et al., 2000). The 
current study would have benefited from the inclusion of a classic 
inhibition task (e.g. ‘Go-No-Go’), but it has been noted that shift¬ 
ing and working memory tasks also tap inhibition (Best & Miller, 
2010; Roberts & Pennington, 1996) so it is likely that the EF tasks 
in this measurement model required an inhibition component. 
Nevertheless, future work should collect multiple measures of 
updating, shifting, and inhibition EF components to more accu¬ 
rately specify the measurement model for executive function. 
Furthermore, separate components of EF may show distinct rela¬ 
tionships with SES, so future work should investigate the associ¬ 
ation between SES variables and observed and latent measures of 
these components. 


The prospective design of the current study, in which academic 
achievement was modeled from two time points, is an important 
strength, but causal inference is nevertheless limited in this study. 
Intervention studies using preschool populations have provided evi¬ 
dence that interventions can improve executive function (Diamond 
& Lee, 2011; Raver et al., 2011) and that improvements in execu¬ 
tive function partially mediate gains in school readiness (Raver 
et al., 2011), suggesting that the relationship between EF and aca¬ 
demic achievement among preschoolers is, at least in part, causal. 
Intervention studies using school-aged populations will provide 
important evidence about causal relationships in these populations. 
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